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The title compound, C 10 H 16 N 4 , crystalizes with two molecules 
(A and B) in the asymmetric unit in which the dihedral angles 
between the piperidine and pyrimidine rings are 47.5 (1) and 
10.3 (1)°. The four C atoms of the pyrimidine ring in one of the 
molecules are disordered over two sets of sites with occupancy 
factors 0.508 (11):0.492 (11). In the crystal, the A molecules 
are linked to one another through N— H- ■ -N hydrogen bonds, 
generating i?|(8) ring patterns and forming inversion dimers. 
These dimers are further connected on either side to a B 
molecule through pairs of N— H- ■ -N hydrogen bonds, 
resulting in a tetrameric unit. 

Related literature 

For background to pyrimidine derivatives and their biological 
activity, see: Patel et al. (2003) and for a related structure see: 
Sreenivasa et al. (2012). For hydrogen bond motifs, see: 
Bernstein et al. (1995). 



Experimental 

Crystal data 

CioH 16 N 4 
M, = 192.27 
Monoclinic, Kj/n 
a = 13.9605 (4) A 
b = 8.7564 (3) A 
c = 17.7055 (6) A 
B = 104.381 (2)° 

Data collection 

Bruker APEXII diffractometer 
Absorption correction: multi-scan 
(SADABS: Bruker, 2004) 
Tna,, = 0.972, T max = 0.985 

Refinement 

R[F 2 > 2a(F 2 )} = 0.051 

wR(F 2 ) = 0.171 

S = 1.10 

3708 reflections 

308 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 2096.57 (12) A J 
Z = 8 

Mo Ka radiation 
fl = 0.08 mm~' 
T = 293 K 

0.24 x 0.22 x 0.20 mm 



15644 measured reflections 
3708 independent reflections 
2657 reflections with / > 2o'(7) 
R iM = 0.027 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Aft,„ = 0.30 e A~ 3 

Ap^ = -0.20 e A~ 3 



D — 


H- ■ A 


D—H 


H-A 


D- ■ -A 


D-H-A 


N3- 


-HJV3B- ■ Nl 1 


0.86 (2) 


2.19 (2) 


3.043 (2) 


173.3 (19) 


N3- 


-HN3A- ■ N5 


0.90 (2) 


2.34 (2) 


3.210 (2) 


162.1 (17) 



Symmetry code: (i) — x + 1, —y + 2, —z. 

Data collection: APEX2 (Bruker, 2004); cell refinement: APEX2 
and SAINT-Plus (Bruker, 2004); data reduction: SAINT-Plus and 
XPREP (Bruker, 2004); program(s) used to solve structure: 
SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 
(Farrugia, 2012); software used to prepare material for publication: 
SHELXL97. 

The authors thank Dr S. C. Sharma, Vice Chancellor, 
Tumkur University, for his constant encouragement. BSP 
thanks Dr H. C. Devarajegowda, Department of Physics, 
Yuvarajas College (constituent), University of Mysore, for his 
support and guidence. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: SJ5288). 
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4-Methyl-6-(piperidin-1-yl)pyrimidin-2-amine 

S. Sreenivasa, K. E. ManojKumar, T. Srinivasan, P. A. Suchetan, B. S. Palakshamurthy and D. 
Velumurgan 

Comment 

Compounds with a nitrogen-containing heterocyclic ring, such as pyrimidine, are promising candidates for drug design. 
Pyrimidine derivatives form a component in a number of useful drugs and are associated with many biological and 
therapeutic activities (Patel et al, 2003). With this in mind, we synthesized the title compound to study its crystal 
structure. 

The title compound crystallizes with two molecules in the asymmetric unit with the piperidine rings in each molecule 
adopting chair conformations. The dihedral angles between the piperidine ring and pyrimidine rings in the two molecules 
are 47.5 (1)° and 10.3 (1)° respectively, compared to 14.00 (1)° observed in l-(2-amino-6-methylpyrimidin-4-yl)-AyV-di- 
methylpiperidin-4-aminium chloride (Sreenivasa et al, 2012). 

In the crystal structure, the molecules are linked to one another through N — H---N hydrogen bonds generating i? 2 2 (8) 
ring patterns (Bernstein et al, 1995) forming inversion related dimers. These dimers are further connected to one another 
through a second N — H— N hydrogen bonds resulting in a tetrameric unit. 

Experimental 

2-Amino-4-chloro-6-methylpyrimidine(1.39 mmol) was dissolved in acetonirile (3 ml). To this solution, piperidine (1.66 
mmol) Xantphos (4,5-bis-diphenylphosphino-9,9-dimethylxanthene), Pd(OAc) 2 and Cs 2 C0 3 (0.0695, 0.139 and 2.78 
mmole respectively) were added. The reaction mixture was irradiated in a microwave at 60° C for 1.5 hrs. The reaction 
was monitored by TLC. Acetonitrile was removed under vacuum and the crude product was purified by column 
chromatography using CH 2 Cl 2 /methanol as eluents. The single-crystal required for the X-ray diffraction was grown by the 
slow evaporation technique from CH 2 C1 2 and MeOH (1:4). 

Refinement 

The H atoms bound to carbon were positioned with idealized geometry using a riding model with d(C-H) = 0.93- 0.97 A. 
All C-H atoms were refined with isotropic displacement parameters set to 1.2—1.5 U eq (C). N — H atoms were located in a 
difference Fourier map and refined freely. The CI 6, CI 7, C19 and C20 carbon atoms of a pyrimidine ring in one of the 
molecules were disordered over two sites and refined with site occupancy factors 0.508 (11):0.492 (11). 

Computing details 

Data collection: APEX2 (Broker, 2004); cell refinement: APEX2 and SAINT-Plus (Bruker, 2004); data reduction: SAINT- 
Plus and XPREP (Bruker, 2004); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrugia, 2012); software used to prepare 
material for publication: SHELXL97 (Sheldrick, 2008). 



Acta Cryst (2013). E69, o197 



sup-1 



supplementary materials 



C19A 




Figure 1 

Molecular structure of the title compound, showing the atom numbering scheme. Displacement ellipsoids are drawn at 
the 50% probability level. 
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Figure 2 

Crystal packing of the title compound with hydrogen bonds drawn as dashed lines. 
4-Methyl-6-(piperidin-1-yl)pyrimidin-2-amine 



Crystal data 

C10H16N4 
M r = 192.27 
Monoclinic, P2i/n 
Hall symbol: -P 2yn 
a = 13.9605 (4) A 
6 = 8.7564 (3) A 
c= 17.7055 (6) A 
P= 104.381 (2)° 
V= 2096.57 (12) A 3 



Z=8 

F(000) = 832 
Prism 

D x = 1.218 MgnT 3 

Melting point: 455 K 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 308 reflections 

6= 1.7-25.0° 

H = 0.08 mm" 1 
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r=293 K 
Prism, colourless 

Data collection 

BrukerAPEXII 
diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
Detector resolution: 1 .20 pixels mm" 1 
<p and co scans 

Absorption correction: multi-scan 

(SADABS; Bruker, 2004) 
7^ = 0.972,7^ = 0.985 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F 2 >2a(F 2 )] =0.051 

wR{F 2 ) = 0.171 

S = 1.10 

3708 reflections 

308 parameters 

0 restraints 

0 constraints 

Primary atom site location: structure-invariant 
direct methods 



0.24 x 0.22 x 0.20 mm 



15644 measured reflections 
3708 independent reflections 
2657 reflections with I > 2a(T) 
R mt = 0.027 

#max = 25.0°, # m i n = 1.7° 

h = -16— >16 
£ = -10^10 
/ = -11^21 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = ll[a\F 2 ) + (0.0937P) 2 + 0.28 UP] 

where P = (F 0 2 + 2F 2 )/3 
(A/a),™ = 0.006 
Ap max = 0.30 e A" 3 
A/w = -0.20 e A~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. 7?-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


77 *IU 

^ iso ' ^ eq 


Occ. (<1) 


C20A 


-0.0217(5) 


1.3253 (10) 


0.2458 (5) 


0.0712(18) 


0.508 (11) 


H20A 


0.0420 


1.3494 


0.2804 


0.085* 


0.508 (11) 


H20B 


-0.0421 


1.4113 


0.2110 


0.085* 


0.508 (11) 


C16A 


-0.1147 (5) 


1.1602(10) 


0.1412 (5) 


0.0704(17) 


0.508 (11) 


H16A 


-0.1335 


1.2501 


0.1089 


0.085* 


0.508 (11) 


H16B 


-0.1116 


1.0740 


0.1075 


0.085* 


0.508 (11) 


C19A 


-0.0960 (6) 


1.2997 (13) 


0.2928 (5) 


0.083 (2) 


0.508(11) 


H19A 


-0.1003 


1.3892 


0.3241 


0.100* 


0.508 (11) 


H19B 


-0.0767 


1.2131 


0.3274 


0.100* 


0.508 (11) 


C17A 


-0.1892 (5) 


1.1300(10) 


0.1878 (5) 


0.0796(19) 


0.508 (11) 


H17A 


-0.1695 


1.0418 


0.2212 


0.096* 


0.508 (11) 


H17B 


-0.2535 


1.1095 


0.1532 


0.096* 


0.508 (11) 


C20B 


-0.0077 (4) 


1.2596 (9) 


0.2749 (4) 


0.0596(15) 


0.492(11) 


H20C 


0.0531 


1.3173 


0.2917 


0.072* 


0.492(11) 
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T TO A T~\ 

H20D 


A AAA/^ 

-0.0096 


1 1 on 

1.1832 


A 1 1 A 1 

0.3142 


A A 71 sfc 

0.072* 


A A A^ / 1 1 

0.492 (11 


C16B 


-0.1007 (5) 


1 AA/"/" /1 A\ 

1.0966 (10) 


0.1681 (5) 


A A/"/"A /1 7\ 

0.0660 (17) 


A /IA1 / 1 1 

0.492 (11 


TJ 1 /T/~1 

H16C 


a 1 


1 A 1 A £ 

1.U146 


A 1 AO O 

U.zU38 


A mn* 
U.U/9* 


a /im /1 1 
U.49z (11 


tti /: r~\ 

H16D 


-0.0980 


1 AC 1 O 

1.0518 


0.1185 


A ATA* 

0.079* 


A -1 AO / 1 1 

0.492 (11 


L19B 


A AA C C / £\ 

-0.0955 (6) 


1.3643 (11) 


0.2640 (6) 


A AOO ZO\ 

0.082 (2) 


A A AO / 1 1 

0.492 (11 


t r i a/" 1 
H19C 


A A AO A 

—0.0924 


1.4413 


0.2253 


A AAO* 

0.098^ 


A A AO / 1 1 
U.49Z (11 


T T 1 A FA 

H19D 


A AA A C 

-0.0945 


1.415 / 


ati i-\n 
0.312 / 


A AAO* 

0.098^ 


a /ino /1 1 
U.49Z (11 


CI /B 


—0.1500 (5) 


1 1 AAC / 1 1\ 

1.1995 (12) 


A 1 f 71 /C\ 

0.15 /I (5) 


A AOO /O \ 

0.083 (2) 


A /I AO / 1 1 

U.49Z (11 


TJ 1 

Ml /C 


AO/1 Q/Z 

—0.2486 


1 1/110 

1.1415 


A 1 1 CO 

0.1 j jZ 


A AAA* 

o.oyy^ 


a /ino /1 1 
U.49Z (11 


HI /D 


A 1 O A A 

— 0.1840 


1 O O A/C 

1.Z5U6 


A 1 O 1 A 

0.1210 


A AAA* 

0.099^ 


A A AO / 1 1 

U.49z (11 


JN2 


A 1 A O AA /I 1 \ 

0.34290 (11) 


A /:n^n^ i A H\ 
U. 69693 (1 /) 


A AO OOO SCi\ 

0.02892 (9) 


A AC£0 i A \ 

0.0568 (4) 




JN1 


A A £ A AQ /1 1 A 
0.45 148 (11) 


A O 1 "3 A 1 / 1 0"\ 
U. 51391 (1 /) 


A A/1 AO 1 /A\ 

—0.04021 (9) 


A (\ZCH i A \ 

0.056/ (4) 




XT A 

JNo 


0.06632 (13) 


1 A/I 1 £A /1 n\ 
1.U4169 (19) 


A 1 /I A\ 

0.12363 (10) 


0.0651 (5) 




/~1 1 

CI 


0.39782 (13) 


A O 1 7 A /""i \ 

0.8129 (2) 


A Al TIC /1 A \ 

0.01325 (10) 


0.0521 (4) 




JN5 


0.24230 (13) 


1 nnii / 1 a\ 
1.01232 (19) 


A 1 C C C jC /A\ 

0.15556 (9) 


A AjCO C / A\ 

0.0625 (4) 






A A1 OCC /1 0\ 

—0.01255 (12) 


1 1 occ ZO\ 

1.1855 (2) 


A 1 AAAA /1 A\ 

0.19909 (10) 


A AjCA1 /C\ 

0.0691 (5) 




N3 


A TAOn /1 /I \ 

0.39837 (14) 


0.9424 (2) 


AAC/1A1 n 1 \ 

0.05401 (11) 


0.0667 (5) 




C13 


0.16605 (15) 


1.1656 (2) 


A /im /I 1\ 

0.2349/ (11) 


0.0633 (5) 




TTI 

H13 


a nin 

0.1719 


1 O ICi 

1.2282 


a noi 

0.2783 


A A7£* 

0.076^ 




C12 


A AT1 1 A { 1 C \ 

0.0/320 (15) 


1 n i o /Tv 

1.1318 (2) 


A 1 O jC AO n 1\ 

0.18608 (11) 


A ACAO /C\ 

0.0592 (5) 




/■ • -> 
Lo 


0.395 /8 (15) 


A CCflQ /on 

0.5598 (2) 


—0.069 /0 (13) 


0.0666 (5) 




H3 


A 1 A/1 O 

0.3949 


0.4/15 


A AAA 1 

—0.0991 


A AOA* 

0.080^ 




C2 


(\ ^1 A A \ A / 1 /I \ 

0.34414 (14) 


A C/C7A ZO\ 

0.56 /0 (2) 


A A1 117/1 0\ 

—0.01 1 1 / (12) 


A ACAC /C\ 

0.0595 (5) 




L14 


A ^ AH A1 / i* C\ 

0.24743 (15) 


1 \ (\A £. /1\ 

1.1046 (2) 


A O 1 7f O /1 1 \ 

0.21758 (11) 


A A/T 1 7 /f \ 

0.0617 (5) 




/~1 A 

C4 


A A AH \ ^ / 1 A\ 

0.44712 (14) 


0.6853 (2) 


0.08232 (11) 


0.0602 (5) 




Cll 


A 1 CA/"A /1 /"\ 

0.15060 (16) 


0.9868 (2) 


A 1 1 ^17 

0.11237 (11) 


0.0622 (5) 




XT A 

N4 


A OAf AO /I yl\ 

0.29598 (14) 


A A A 1 £ /7\ 

0.4436 (2) 


A AAOAC /1 1\ 

0.00895 (12) 


A A770 ( \C\ 

0.0778 (6) 






A C A1 ZTA /I A\ 

0.50160 (19) 


U.659U (3 ) 


n 1 /i C2 1 /1 c\ 
— U. 14331 (13) 


U.U54/ (/) 




TTC A 

H5A 


A A H A 1 ") 

0.4642 


a h A HH 

0.7467 


A 1 O OO 

-0.1888 


A 1 TT* 

0.127* 




H5B 


0.5104 


0.5866 


-0.1618 


A 1 O 7 * 

0.127* 




H5C 


0.5650 


A HI iCH 

U. /36U 


A 1 1 C"7 
— 0.123 / 


A 1 OTsk 

O.lz /* 




XT'! 

N7 


A 1 A^> C 

0.1425 (2) 


A O A") O /"> \ 

0.8938 (3) 


A A/IAO/^ 

0.04986 (13) 


A AO A A 

0.0840 (6) 




Co 


0.23128 (17) 


A A C /O \ 

0.4557 (3) 


0.06164 (14) 


0.0758 (6) 




T Tz^ A 

H6A 


f\ ^ A A £ 

0.2446 


A f CA£ 

0.5506 


A AAA/T 

0.0906 


A AA 1 * 

0.091* 




H6B 


0.2446 


A 1 A 

0.3720 


A A A 07 

0.0987 


A AA 1 * 

0.091* 




CIO 


A nAO 

0.2798 (2) 


A 1 A1 O /I \ 

0.3038 (3) 


-0.03645 (18) 


A AAA7 /ON 

0.0907 (8) 




T T 1 A A 

H1UA 


0.2916 


A 1 1 /I 

0.2164 


A AA 1 7 

—0.0017 


A 1 AA* 

0.109* 




T T 1 AD 

HI OB 


0.3259 


A OAOl 

0.298 / 


a a/;aj 
—0.0693 


A 1 AA* 
0. 109* 




C15 


0.34854 (17) 


1.1346 (3) 


0.26812 (13) 


A AOCA /7\ 

0.0859 (7) 




TTI f » 

H15A 


A 1 7/" A 

0.3760 


1 A /I 1 ") 

1.0413 


0.2928 


A 1 1A* 

0.129* 




T T 1 C D 
HI 5H 


A 1 A A A 

0.3444 


1 O AO /I 

1.2U84 


(J. 3D /3 


A 1 OA* 

U.lz9 




TTI f p 

H15C 


A O A A^ 

0.3902 


1.1734 


0.2368 


A 1 

0.129* 




/-in 

C7 


A 1 If AH /1 0\ 

0.12597 (18) 


0.4514 (3) 


A A1 770 / 1 /'N 

0.01778 (16) 


0.0875 (7) 




H /A 


A 1 1 AO 

U.llUz 


A C A A 1 
U.3441 


A A 1 O O 
— U.U1Z5 


A 1 AC* 
U.1U3* 




H7B 


0.0846 


0.4481 


0.0544 


0.105* 




C18 


-0.19444(19) 


1.2695 (4) 


0.23650(17) 


0.1021 (9) 




H18A 


-0.2134 


1.3573 


0.2027 


0.122* 




H18B 


-0.2445 


1.2545 


0.2652 


0.122* 




C9 


0.1765 (2) 


0.2990 (3) 


-0.08581 (17) 


0.0976 (9) 
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U.ltOO 


0.2034 




A 1 1 A 1 

-(J. 1 143 


A 1 1 
U.ll / 






(J. loo / 


0.3816 




-U.lZ-34 


A 1 1 T* 

0.1 1 /* 




Co 


U.1UZ / (z) 


0.3137(3) 


A A'} HI C { 1 Q\ 

-U.OjoJo (18) 


A AO^/I (Q\ 

U.0Vo4 {&) 




n on 


W. 1 W4Z 


0.2217 




U.UUJO 


nil a* 




H8B 


0.0367 


0.3243 




-0.0700 


0.116* 




HN3B 


0.4368 (16) 


1.015 (3) 




0.0472 (12) 


0.068 (6)* 




HN3A 


0.3653 (15) 


0.953 (2) 




0.0914(12) 


0.061 (6)* 




HN7B 


0.194 (2) 


0.851 (3) 




0.0398 (15) 


0.092 (8)* 




HN7A 


0.086 (2) 


0.875 (3) 




0.0231 (15) 


0.086 (9)* 




Atomic displacement parameters (A 2 ) 




T T\ 1 

U" 


U 


LP 1 


T 719 

u 


T Til 

U 13 


u 


C20A 


0.075 (4) 


0.070 (4) 


0.072 (4) 


-0.002 (3) 


0.025 (3) 


-0.007 (3) 


C16A 


0.078 (4) 


0.074 (4) 


0.057 (4) 


0.000 (3) 


0.011 (3) 


0.001 (3) 


C19A 


0.083 (4) 


0.105 (6) 


0.068 (4) 


-0.003 (4) 


0.032 (3) 


-0.011 (3) 


C17A 


0.065 (3) 


0.089 (4) 


0.084 (4) 


-0.008 (3) 


0.017(3) 


0.011 (3) 


C20B 


0.061 (3) 


0.059 (4) 


0.057 (3) 


0.006 (3) 


0.012 (2) 


-0.007 (2) 


C16B 


0.057 (3) 


0.079 (4) 


0.056 (4) 


-0.003 (3) 


0.000 (3) 


-0.002 (3) 


C19B 


0.086 (4) 


0.083 (5) 


0.078 (5) 


0.020 (4) 


0.023 (4) 


-0.011 (3) 


C17B 


0.065 (3) 


0.104 (6) 


0.073 (4) 


0.014 (4) 


0.003 (3) 


-0.007 (4) 


N2 


0.0565 (9) 


0.0569 (9) 


0.0578 (9) 


-0.0122 (7) 


0.0157 (7) 


-0.0061 (7) 


Nl 


0.0557 (9) 


0.0573 (9) 


0.0586 (9) 


-0.0092 (7) 


0.0170 (7) 


-0.0045 (7) 


N6 


0.0722(11) 


0.0659 (10) 


0.0625 (10) 


-0.0134 (8) 


0.0269 (8) 


-0.0161 (8) 


CI 


0.0476 (10) 


0.0558 (11) 


0.0506 (10) 


-0.0043 (8) 


0.0080 (8) 


-0.0007 (8) 


N5 


0.0732 (11) 


0.0646 (10) 


0.0541 (9) 


-0.0036 (8) 


0.0242 (8) 


-0.0026 (8) 


N8 


0.0650 (10) 


0.0764(11) 


0.0697(11) 


-0.0104 (8) 


0.0240 (8) 


-0.0231 (9) 


N3 


0.0783 (12) 


0.0551 (10) 


0.0747 (12) 


-0.0164 (9) 


0.0338 (10) 


-0.0126 (9) 


C13 


0.0738 (13) 


0.0672 (12) 


0.0518 (11) 


-0.0099 (10) 


0.0210(10) 


-0.0125 (9) 


C12 


0.0715 (13) 


0.0561 (11) 


0.0553 (11) 


-0.0114(9) 


0.0257 (10) 


-0.0069 (9) 


C3 


0.0682 (12) 


0.0600 (12) 


0.0760(13) 


-0.0113 (9) 


0.0260(10) 


-0.0174(10) 


C2 


0.0543 (10) 


0.0578 (11) 


0.0660 (12) 


-0.0095 (9) 


0.0143 (9) 


-0.0046 (9) 


C14 


0.0727 (13) 


0.0650 (12) 


0.0512(11) 


-0.0045 (10) 


0.0228 (10) 


0.0006 (9) 


C4 


0.0548 (11) 


0.0660 (12) 


0.0611 (11) 


-0.0064 (9) 


0.0169 (9) 


-0.0076 (10) 


Cll 


0.0795 (14) 


0.0564(11) 


0.0561 (11) 


-0.0109(10) 


0.0272 (11) 


-0.0068 (9) 


N4 


0.0822 (12) 


0.0612(10) 


0.0997 (14) 


-0.0233 (9) 


0.0408 (11) 


-0.0137(10) 


C5 


0.0928 (17) 


0.0897 (16) 


0.0841 (16) 


-0.0221 (13) 


0.0457 (13) 


-0.0206 (13) 


N7 


0.0812(16) 


0.0935 (15) 


0.0811 (14) 


-0.0078 (12) 


0.0272 (12) 


-0.0374 (12) 


C6 


0.0790(15) 


0.0723 (14) 


0.0811 (14) 


-0.0201 (11) 


0.0292 (12) 


-0.0006 (12) 


CIO 


0.1000(19) 


0.0553 (13) 


0.126 (2) 


-0.0135 (12) 


0.0452 (17) 


-0.0109(13) 


C15 


0.0708 (14) 


0.120(2) 


0.0663 (14) 


-0.0035 (13) 


0.0170(11) 


-0.0171 (14) 


C7 


0.0761 (15) 


0.0896 (17) 


0.0987 (18) 


-0.0061 (13) 


0.0251 (13) 


0.0031 (15) 


C18 


0.0704 (16) 


0.145 (3) 


0.0921 (18) 


0.0128(16) 


0.0228 (13) 


-0.0197(18) 


C9 


0.124(2) 


0.0717(16) 


0.0945 (19) 


-0.0238 (15) 


0.0227 (17) 


-0.0130(13) 


C8 


0.0778 (16) 


0.0921 (18) 


0.111 (2) 


-0.0215 (13) 


0.0074 (14) 


-0.0036 (16) 



Geometric parameters (A, °) 

C20A— C19A 1.500 (11) N3— HN3B 0.86(2) 

C20A— N8 1.500 (7) N3— HN3A 0.90(2) 
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C20A — H20A 


0.9700 


C20A — H20B 


0.9700 


C16A — C17A 


1 C A /I / 1 1 \ 

1.504 (11) 


(-*, 1 /" A TvTO 

C16A — N8 


1.552 (7) 


C16A — H16A 


A AT A A 

0.9700 


C16A — H16B 


A AT A A 

0.9700 


C19A — C18 


1 AT /A\ 

1.507 (9) 


C19A — H19A 


A ATA A 

0.9700 


r 1 ! n a t t 1 rtn 

C19A — H19B 


A ATAA 

0.9700 


C17A — C18 


1 ^AT /T\ 

1.507 (7) 


C17A — H17A 


A AT A A 

0.9700 


C17A — H17B 


A AT A A 

0.9700 


C20B — N8 


1 /ITT 

1.477 (6) 


C20B — C19B 


1 C f\ A / 1 1 \ 

1.504 (11) 


C20B — H20C 


A ATA A 

0.9700 


C20B — H20D 


A AT AA 

0.9700 


C16B — N8 


1.445 (6) 


C16B — C17B 


1 A AO 

1.498 (12) 


C16B — H16C 


A ATA A 

0.9700 


f • i /" r> TT1 / T~"\ 

C16B — H16D 


A AT AA 

0.9700 


C19B — C18 


1 fOA / A \ 

1.580 (9) 


f ' 1 an t t 1 i\/ f 

C19B — H19C 


A AT AA 

0.9700 


C19B — H19D 


A ATA A 

0.9700 


C17B — C18 


1.553 (7) 


C17B — H17C 


A AT A A 

0.9700 


C17B — H17D 


A ATA A 

0.9700 


N2 — CI 


1.342 (2) 


N2 — C2 


1 1 A A /I \ 

1.344 (2) 


XT 1 O /I 

Nl — C4 


1 1 A A f)\ 

1.344 (2) 


Nl — CI 


1.345 (2) 


N6— Cll 


1.331 (3) 


N6— C12 


1.342 (2) 


CI — N3 


1.343 (2) 


N5 — Cll 


1.337 (3) 


N5 — C14 


1.351 (2) 


N8 — C12 


1 0 c 0 \ 

1.358 (3) 


C19A — C20A — N8 


110.5 (7) 


/" • 1 A A /"i^ A A ttta » 

C 1 9A — C20A — H20A 


109.6 


-\. TO P^A A TTTA A 

N 8 — C20A — H20A 


1 AA /" 

109.6 


C 1 9A — C20A — H20B 


109.6 


N8 — C20A — H20B 


109.5 


H20A — C20A — H20B 


108.1 


C17A— C16A— N8 


108.1 (7) 


C17A— C16A— H16A 


110.1 


N8— C16A— H16A 


110.1 


C17A— C16A— H16B 


110.1 


N8— C16A— H16B 


110.1 


H16A— C16A— H16B 


108.4 



C13 — C14 


1.35o (3) 


C13 — C12 


1 A A A /')\ 

1.400 (3) 


p 1 -) Til O 

C 1 3 — H 1 3 


A m AA 

0.9300 


C3 — C4 


1.361 (3) 


C3 — Cz 


1.403 (3) 


C3 — H3 


A AT AA 

0.9300 


C2 — N4 


1.366 (2) 


C14 — C15 


1.495 (3) 


C4 — C5 


1 /i no t^i \ 

1.498 (3) 


Cll — N7 


1.356 (3) 


N4 — C10 


1.45 1 (3) 


N4 — Co 


1 /ICC /''?\ 

1.455 (3) 


/"i c TJC A 

C5 — HjA 


A AjCAA 

0.9600 


C5 — H5B 


A A /"AA 

0.9600 


C5 — H5C 


0.9600 


XTT TTXTTT) 

JN7 — HN7B 


A OzT /')\ 

O.00 (3) 


XTT TTXTT A 

N7 — HN7A 


0.83 (3) 


C6 — C7 


1 /JOT 

1.483 (3) 


C6 — H6A 


A ATAA 

0.9700 


Co — Hob 


A ATAA 

0.9700 


C10 — C9 


1 A A A ( A\ 

1.490 (4) 


s • 1 A TT1AA 

C10 — HI OA 


0.9700 


Z^ 1 1 A T T 1 AT* 

C10 — H10B 


A ATAA 

0.9700 


C15 — H15A 


A AjCAA 

0.9600 


PI r TT 1 CT) 

C15 — H15B 


A A/^AA 

0.9600 


Z" 1 1 C TT1 C 

Cl5 — H15C 


0.9600 


C7 — C8 


1 f 1/1 / /I \ 

1.524 (4) 


p -7 TTT A 

C7 — H7A 


A ATAA 

0.9700 


/^t 1 nn 

C7 — H7B 


A ATAA 

0.9700 


f • 10 T T 1 O A 

C18 — H18A 


A ATAA 

0.9700 


C18— H18B 


0.9700 


C9— C8 


1.514(4) 


rr\ Tin a 

C9 — H9A 


A ATAA 

0.9700 


C9— H9B 


0.9700 


C8— H8A 


0.9700 


C8— H8B 


0.9700 


C4— C3— H3 


120.9 


C2— C3— H3 


120.9 



N2— C2— N4 117.42(17) 

N2— C2— C3 120.31 (17) 

N4— C2— C3 122.24 (18) 

N5— C14— C13 122.76 (19) 

N5— C14— C15 116.32(18) 

C13— C14— C15 120.91 (19) 

Nl— C4— C3 122.61 (18) 

Nl— C4— C5 115.69(17) 

C3— C4— C5 121.69(18) 

N6— Cll— N5 127.62 (18) 
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/""i A A Z" 1 1 A A no 

C20A — C 1 9 A — C 1 8 


107.5 (7) 


P • riA I pi 1 n A TT1 A 4 

C20A — C 1 9A — H 1 9A 


110.2 


p 1 o nriA Tim a 

C18 — C19A — H19A 


1 1 A ^ 

110.2 


pifi A P 1 n A TT1 An 

C20 A — C 1 9 A — H 1 9B 


110.2 


/"* 1 o z" 1 1 a a ni nn 

C18 — C19A — HI 9b 


1 1 A O 

110.2 


TT1 A t p 1 A » T T 1 nn 

H19A — C19A — H19B 


108.5 


P 1 Z' A P 1 — 7 « ni o 

C16A — C17A — C18 


1 no n //"\ 

108.0 (6) 


/^i ^ a P 1 T A TT1 n A 

C16A — C17A — H17A 


1 1 A 1 

110.1 


C18 — C17A — H17A 


1 1 A 1 

110.1 


p 1 P A p 1 »7 A T T 1 1 T~> 

C16A — C17A — H17B 


110.1 


p 1 o a it nn 

C 1 8 — C 1 7A — H 1 7B 


1 1 n 1 

110.1 


tti n j p 1 "7 A T T 1 7n 

H17A — C17A — H17B 


108.4 


N o — C20B — C 1 9B 


107.4 (7) 


\to ponri T TO AP 

N o — C20B — H20C 


1 1 A n 

110.2 


C 1 9B — C20B — H20C 


110.2 


\Tn /\ n TT1AT\ 

N8 — C20B — H20D 


110.2 


C 1 9B — C20B — H20D 


1 1 A 1 

110. z 


H20C — C20B — H20D 


1 no c 

108.5 


\to P ^ 1 pn P ^ 1 nri 

N 8 — C 1 6B — C 1 7B 


1 no f / 

108.6 (7) 


\to P 1 /_ D TT1 /_ P 

N o — C 1 6B — H 1 6C 


1 1 A A 

110.0 


C 1 7B — C 1 6B — H 1 6C 


1 1 A A 

110.0 


\TO P1 /"n TT1 f\V\ 

N 8 — C 1 6B — H 1 6D 


1 1 n n 

110.0 


C 1 7B — C 1 6B — H 1 6D 


110.0 


H 1 6C — C 1 6B — H 1 6D 


1 AO "? 

108.3 


C20B — C 1 9B — C 1 8 


1 1 A A /£\ 

110.0 (6) 


ptaf) 1 nn tti np 

C20B — C 1 9B — H 1 9C 


109.7 


/"i \ o /"i 1 nn t t 1 np 

C 1 8 — C 1 9B — H 1 9C 


109.7 


LzUB — C 1 9B — H 1 9D 


1 AA T 

109.7 


p 1 o p 1 nn t t 1 nn 

C18 — C19B — H19D 


1 A A T 

109.7 


t t 1 np /~i 1 nn th fir\ 

H 1 9C — C 1 9B — H 1 9D 


108.2 


p< i /" r> p •« — t n /— ■ i o 

C 1 6B — C 1 7B — C 1 8 


110.2 (6) 


C 1 6B — C 1 7B — H 1 7C 


1 A A ^ 

109.6 


C18 — CI la — HI /C 


1 AO £ 

109.6 


P 1 /" r> P 1 1 Yt T T 1 TT\ 

C 1 6B — C 1 7B — H 1 ID 


109.6 


/"•io pnn tti *7ni 

C 1 o — C 1 7B — H 1 7D 


1 AA 

109.6 


tti np pnn tti nr\ 

H17C — C17B — H17D 


1 AO 1 

108.1 


f • 1 MO /"I 

CI — JNz — Cz 


116.66 (16) 


P A XT 1 P ' 1 

C4 — N 1 — LI 


1 1 f -)A 

115.39 (15) 


Cll — N6 — C12 


1 1 / HA / 1 T\ 

116.79 (17) 


\ti r ' 1 XT'? 

N2 — CI — N3 


i n a/- /i -r\ 

117.06 (17) 


XT1 Z" 1 1 XT 1 

Nz — CI — Nl 


lzo.63 (16) 


XT'} p 1 XT 1 

N3 — CI — Nl 


i i / on / 1 

116.30 (16) 


Cll — N5 — C14 


11/1 / 1 T\ 

114.52 (17) 


C 1 L — IN 8 — C 1 oB 


1 1 / A {1 \ 

116.9 (3) 


CI 2— N8— C20B 


117.6(3) 


C16B— N8— C20B 


115.1 (4) 


CI 2— N8— C20A 


125.1 (3) 


C16B— N8— C20A 


117.9(4) 


CI 2— N8— C16A 


122.9 (3) 



XTzl pi 1 XTT 

N6 — Cll — JN7 


116.2 (2) 


\Tf /~1 i -1 \yn 

N5 — Cll — N7 


116.2 (2) 


PO XT A P 1 n 

C2 — N4 — C10 


1 'I'l on / 1 n\ 

122.80 (19) 


PI XTyl P ' P 

Cz — N4 — C6 


122.29 (17) 


pi A XT A p P 

C10 — N4 — C6 


111 TO / 1 T\ 

112.38 (17) 


P /I PC TTC A 

C4 — C5 — H5A 


109.5 


C4 — C5 — H5B 


1 AA C 

109.5 


H5A — C5 — H5B 


1 AA C 

109.5 


A t~~*Z TTCP 

C4 — C 5 — H5 C 


1 AA C 

109.5 


TTC A t~~*Z TTr/-i 

H5A — C5 — H5C 


1 AA C 

109.5 


TTf T) PC TTCP 

H5B — C5 — H5C 


1 nn c 

109.5 


pi 1 XTT TTXT*7n 

Cll — JN7 — HN7B 


111 C / 1 o\ 

121.5 (18) 


pi 1 XTT T TXT*7 A 

C 1 1 — N 7 — HN 7 A 


in /i / 1 n\ 

117.4 (19) 


TTxnn \n ttxtt a 

HN7B — N7 — HN7A 


111 /I \ 

121 (3) 


XT A P f p ^7 

N4 — C6 — C7 


1 1 n o { r \\ 

110.8 (2) 


XTyl P ■• P TT/" A 

N4 — C6 — H6A 


1 AA C 

109.5 


p -T p < p TTjC A 

C7 — C6 — H6A 


1 AA C 

109.5 


XT/1 P/" TT/T) 

N4 — C6 — H6B 


1 AA C 

109.5 


p ~i pp TT/'n 

C7 — C6 — H6B 


109.5 


tt/: a p < p TTzrn 

H6A — Co — H6B 


1 AO 1 

108.1 


xt a p i n pn 

N4 — C10 — C9 


1 1 A 1 ZO\ 

110.1 (2) 


XT A P1A T T 1 n A 

N4 — C10 — HI OA 


1 nn /" 

109.6 


pn p 1 n t t 1 n a 

C9 — C10 — HI OA 


109.6 


XT/1 pi A TTI An 

N 4 — C 1 0 — H 1 0B 


1 AA 

109.6 


f l\ P1A TTI AD 

C9 — C10 — HI 0B 


1 A A ^ 

109.6 


t t 1 n a p 1 n t t 1 nn 

HI OA — C10 — HI 0B 


108.2 


P 1 A P 1 C T T 1 C A 

C14 — C15 — H15A 


109.5 


p~- | A P1C TTI c n 

C 1 4 — C 1 5 — H 1 5 B 


1 AA C 

109.5 


TT1CA pi f TTlCn 

HI 5 A — C15 — H15B 


1 AA C 

109.5 


P 1 A P 1 C T T 1 C P 

C14 — C15 — H15C 


109.5 


T T 1 C A P 1 C T T 1 C P 

HI 5 A — C15 — H15C 


109.5 


TT1CTJ 1 c tti cr 1 

H15B — C15 — H15C 


1 A A C 

109.5 


C6 — C7 — C8 


112.2 (2) 


pi p pt t n a 

C6 — C7 — H7A 


109.2 


PO PT T T "7 A 

C8 — C7 — H7A 


109.2 


C ' p p^7 T T "7 F) 

C6 — C7 — H7B 


1 AA 1 

109.2 


p o pt t nn 

C8 — C7 — H7B 


1 AA O 

109.2 


T n A PT T T "7 n 

H7A — C7 — H7B 


107.9 


P 1 n A P 1 O P 1 T A 

C19A — C18 — C17A 


110.8 (5) 


<^~"1AA p 1 O pi Tn 

C 1 9 A — C 1 8 — C 1 7B 


1 1 C 1 / A \ 

115.2 (4) 


/"mta p i o pi nn 

C 1 7 A — C 1 8 — C 1 9B 


i i / n / /i \ 

116.0 (4) 


p 1 i r> p 1 o p 1 nn 

C 1 7B — C 1 8 — C 1 9B 


1 n a a / /i\ 

104.4 (6) 


PinA PIO TTIOA 

C19A — CI 8 — H18A 


1 nn c 

109.5 


C17A— CI 8— H18A 


109.5 


C19A— CI 8— H18B 


109.5 


C17A— CI 8— H18B 


109.5 


C17B— CI 8— H18B 


128.8 


C19B— CI 8— H18B 


126.7 


H18A— CI 8— H18B 


108.1 
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C20B— N8— C16A 119.3 (4) 

C20A— N8— C16A 106.9(5) 

CI— N3— HN3B 117.9(14) 

CI— N3— HN3A 123.4 (13) 

HN3B— N3— HN3A 118(2) 

C14— C13— C12 118.35(18) 

C14— C13— H13 120.8 

C12— C13— H13 120.8 

N6— C12— N8 117.23(18) 

N6— C12— C13 119.96(18) 

N8— C12— C13 122.81 (18) 

C4— C3— C2 118.24(18) 

N8— C20A— C19A— C18 -61.6(12) 

N8— C 1 6A— C 1 7 A— C 18 62. 1 ( 1 0) 

N8— C20B— C19B— C18 59.8 (11) 

N8— C16B— C17B— C18 -60.5 (12) 

C2— N2— CI— N3 -178.88 (17) 

C2— N2— CI— Nl 2.3 (3) 

C4— Nl— CI— N2 1.2(3) 

C4— Nl— CI— N3 -177.69 (17) 

C17B— C16B— N8— C12 -156.0(6) 

C17B— C16B— N8— C20B 59.8 (12) 

C17B— C16B— N8— C20A 26.6 (13) 

C17B— C16B— N8— C16A -45.9(10) 

C19B— C20B— N8— C12 156.4(6) 

C19B— C20B— N8— C16B -59.6 (12) 

C19B— C20B— N8— C20A 43.2 (8) 

C19B— C20B— N8— C16A -28.6 (12) 

C 1 9 A— C20A— N8— C 12 - 1 4 1 . 8 (6) 

C19A— C20A— N8— C16B 35.4 (14) 

C19A— C20A— N8— C20B -56.9 (9) 

C 1 9 A— C20A— N8— C 1 6A 63.1(12) 

C17A— C16A— N8— C12 141.3 (5) 

C17A— C16A— N8— C16B 55.4 (10) 

C17A— C16A— N8— C20B -33.4(11) 

C17A— C16A— N8— C20A -62.9(10) 

Cll— N6— C12— N8 -178.51 (18) 

Cll— N6— C12— C13 0.9(3) 

C16B— N8— C12— N6 25.3 (5) 

C20B— N8— C12— N6 168.6(4) 

C20A— N8— C12— N6 -157.5 (5) 

C16A— N8— C12— N6 -6.2(5) 

C16B— N8— C12— C13 -154.1 (5) 

C20B— N8— C12— C13 -10.8 (5) 

C20A— N8— CI 2— C13 23.1 (6) 

C 1 6A— N8— C 1 2— C 13 1 74.4 (4) 

C14— C13— C12— N6 -0.3 (3) 

C14— C13— C12— N8 179.10(19) 



CIO— C9— C8 110.9(2) 

CIO— C9— H9A 109.5 

C8— C9— H9A 109.5 

CIO— C9— H9B 109.5 

C8— C9— H9B 109.5 

H9A— C9— H9B 108.0 

C9— C8— C7 111.2(2) 

C9— C8— H8A 109.4 

C7— C8— H8A 109.4 

C9— C8— H8B 109.4 

C7— C8— H8B 109.4 

H8A— C8— H8B 108.0 

C4— C3— C2— N2 2.5 (3) 

C4— C3— C2— N4 -175.7 (2) 

Cll— N5— C14— C13 0.5(3) 

Cll— N5— C14— C15 179.23 (19) 

C12— C13— C14— N5 -0.4 (3) 

C12— C13— C14— C15 -179.1 (2) 

CI— Nl— C4— C3 -2.9 (3) 

CI— Nl— C4— C5 176.35 (18) 

C2— C3— C4— Nl 1.2(3) 

C2— C3— C4— C5 -178.0(2) 

C12— N6— Cll— N5 -0.9(3) 

C12— N6— Cll— N7 178.89 (18) 

C14— N5— Cll— N6 0.3(3) 

C14— N5— Cll— N7 -179.58 (19) 

N2— C2— N4— C 10 1 7 1 . 1 (2) 

C3— C2— N4— CIO -10.7 (3) 

N2— C2— N4— C6 10.5 (3) 

C3— C2— N4— C6 -171.3(2) 

C2— N4— C6— C7 103.3 (2) 

CIO— N4— C6— C7 -59.1 (3) 

C2— N4— CIO— C9 -101.0(3) 

C6— N4— C 1 0— C9 6 1 .3 (3) 

N4— C6— C7— C8 52.6 (3) 

C20A— C19A— C18— C17A 60.3 (12) 

C20A— C19A— C18— C17B 27.0(14) 

C20A— C19A— C18— C19B -46.2(9) 

C16A— C17A— C18— C19A -61.9(12) 

C16A— C17A— C18— C17B 42.7(7) 

C16A— C17A— C18— C19B -31.3(13) 

C16B— C17B— C18— C19A 33.2(14) 

C16B— C17B— C18— C17A -55.6 (8) 

C16B— C17B— C18— C19B 61.3(12) 

C20B— C19B— C18— C19A 54.9(9) 

C20B— C19B— C18— C17A -31.0(13) 

C20B— C19B— C18— C17B -61.6(12) 

N4— CIO— C9— C8 -56.8 (3) 
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supplementary materials 



Cl— N2— C2— N4 


174.23 (18) 


CIO— C9— C8— C7 




51.3 (3) 


CI— N2— C2— C3 


-4.0 (3) 


C6— C7— C8— C9 




-49.5 (3) 


Hydrogen-bond geometry (A, ") 


D—R-A 


D — H 


R-A 


D-A 


D—R-A 


N3— HAGfi-Nl 1 


0.86 (2) 


2.19(2) 


3.043 (2) 


173.3 (19) 


N3— HA04-N5 


0.90 (2) 


2.34 (2) 


3.210(2) 


162.1 (17) 



Symmetry code: (i) -x+1, -y+2, -z. 
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